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and W.G. ~ o v e t t  
The 12c (p ,p ' )12~  reac t ion  has been s tudied  a t  
a  bombarding energy Ep = 122 MeV i n  o r d e r  t o  i nves t i -  
ga t e  i n  d e t a i l  the  terms i n  t h e  e f f e c t i v e  i n t e r a c t i o n  
on the  microscopic treatment of i n e l a s t i c  s c a t t e r -  
ing.  The objec t  has been t o  determine the  s t r e n g t h s  
V, and V, (and ranges of a  Yukawa r a d i a l  dependence) 
by comparing the  cross  s ec t ions  t o  t he  J~ = 1' 
s t a t e s  a t  12.71 MeV (T = 0) and 15.11 MeV (T = 1 )  
w i th  ca l cu l a t i ons  of t he  r eac t ion  mechanism. 
These s t a t e s  would appear t o  be good candidates 
f o r  i den t i fy ing  t h e  s t r eng ths .  The wave funct ions  
appear t o  be wel l  described by simple (P5j2 plI2) 
e x c i t a t i o n  of t h e  l 2 ~  ground s t a t e .  No o the r  1+ 
s t a t e s  i n  f a c t  a r e  known. Any i sosp in  mixing of 
the s t a t e s  is a t  t he  1% l e v e l .  
Previous e f f o r t s  a t  lower energies  have been 
hampered by d i f f i c u l t i e s  i n  f i t t i n g  angular  d is -  
t r i bu t ions .  The shapes favor L = 2 e x c i t a t i o n ,  
whereas t he  ca l cu l a t i ons  suggest  t he  t r a n s i t i o n  
should be dominated by L = 0. This suggested t h a t  
tensor  i n t e r a c t i o n s  could be very s i g n i f i c a n t .  For 
t h i s  reason, our s tudy has  included da t a  f o r  the  
1 4 ~ ( p , p ' ) 1 4 ~  r eac t ion  t o  the  0+, T = 1 s t a t e  a t  2.31 
MeV. Nuclear s t r u c t u r e  reasons imply t h a t  c e n t r a l  
i n t e r a c t i o n s  should give a small  c ross  s ec t ion  so  
t h a t  t h i s  t r a n s i t i o n  becomes s e n s i t i v e  i n  l a r g e  p a r t  
t o  tensor  cont r ibut ions .  A s  a  f u r t h e r  cons t r a in t  on 
the  treatment of t he  reac t ion  mechanism, da t a  f o r  
t he  2' s t a t e s  a t  4.44 MeV (T = 0) and 16.11 MeV 
(T = 1) i n  12c have been obtained.  
Data were acquired i n  two sepa ra t e  runs.  The 
1 2 ~  d a t a  were mostly obtained on the  f i r s t  run. 
The e l a s t i c  c ross  s ec t ions  showed poor behavior 
a t  angles 8 < 20°. These were repeated and 
correc ted  i n  a second run. The absolu te  c ross  
s ec t ions  f o r  a l l  s t a t e s  agreed t o  wi th in  4%, the  
d i f f e r ence  being understood i n  terms of a  change i n  
Faraday cups. 
I n  t he  f i r s t  run,  the  2.31-MeV s t a t e  i n  1 4 ~  
could no t  be seen f o r  angles 0 < 22' due t o  
severe  background d i f f i c u l t i e s  from t h e  e l a s t i c  
peak. This was remedied i n  t he  second run by p lac ing  
a t h i ck  block a t  t he  appropr ia te  pos i t i on  of  t he  
f o c a l  p l ace  of t he  magnetic spectrograph i n  f r o n t  
of the  h e l i x  de t ec to r .  Data now cover t he  range 
6-48O(Lab). The absolu te  c ross  s ec t ion  i s  being 
determined by a combination of s eve ra l  methods. 
The ca l cu l a t i on  of  t he  r eac t ion  mechanism has  
gone beyond our  o r i g i n a l  thoughts. An e f f e c t i v e  
i n t e r a c t i o n  has been constructed i n  t he  impulse 
approximation from the  T-matrix elements derived 
from the  nucleon-nucleon phase s h i f t s  a t  140 MeV 
i n  a manner s i m i l a r  t o  t h a t  of Bertsch e t  a1 . l s2 .  
This i n t e r a c t i o n  inc ludes  a sum of Yukawa terms 
wi th  d i f f e r e n t  ranges t o  r e f l e c t  meson exchanges 
o the r  than pions.  The ca l cu l a t i ons  t he re fo re  con- 
t a i n  = f r e e  parameters. 
The ca l cu l a t i ons  inc lude  the  c e n t r a l  i n t e r -  
ac t ion ,  a sp in-orbi t  term VLS, a tensor  term, and 
a l l  exchange e f f e c t s .  A comparison wi th  t he  d a t a  
f o r  12c i s  shown i n  Fig.  1. I n i t i a l  comparison 
may be made f o r  t he  2' s t a t e s .  The ca l cu l a t i ons  have 
been renormalized by f a c t o r s  shown on the  f i gu re .  
For t he  4.44 MeV s t a t e  t h i s  is i n  agreement w i th  
expected e f  fect ive-charge f a c t o r s .  The tensor  
term i s  unimportant. For t he  16.11 MeV s t a t e ,  t he  
renormalizat ion might r e f l e c t  the  inadequacy of t he  
assumed wave funct ion .  The tensor  t e r m  is very 
important i n  producing the  co r r ec t  shapes, b u t  
enhances t he  cross  s e c t i o n  by a l a r g e  amount. 
The 1+ s t a t e  a t  15.11 MeV is we l l  f i t t e d .  The 
tensor  term improves t he  shape and has l i t t l e  e f f e c t  
on cross  s ec t ions .  The VLS term is small .  The main 
d i f f i c u l t y  occurs f o r  t he  12.71-MeV s t a t e .  A 
ca l cu l a t i on  without  t h e  t enso r  term (renorma- 
l i z e d )  produces good agreement out  t o  300. Reason- 
a b l e  agreement w i th  t h e  1 4 ~  d a t a  has a l s o  been 
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obtained.  E x p l i c i t  c a l cu l a t i ons  of  some two-step 
cross  s e c t i o n s  show t h a t  they a r e  small, being 
about 10% of t h e  y i e l d s  of  t he  1+ s t a t e s .  
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Figure 1. 
